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PREPARING AND MANAGING WHOLE GENOME SEQUENCE 

DATA FOR THE CLINICAL SETTING



The Challenge: How to distill a genome’s worth of sequence
into clinically actionable information?

?
Personal genome 
sequence

Diagnostic/Prognostic
summary

Software, Experts



Sequence
Traditional 

“Bioinformatics”
Analysis & 

Interpretation
Clinical 

Interpretation

Workflow of WGS in the Clinic
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Annotation
Clinical 

Integration

Reporting & 
Technical 

Interpretation

•Compare sequence 
vs. references, 
disease genes & 
variants

•Integrate research 
studies, clinical 
records, contextual 
info

•Apply rules, 
assess, prioritize 
and report

•Focus on key 
results and 
minimize false 
positives for MDs
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Topics

• Genome quality assessment and control

• Integrated system’s approach

• Clinical interpretation
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The “10Gen” Data Set

Genome Individual Ethnicity Platform Reference

NA19240 African Life SOLiD
De la Vega, et al. 

2009

NA18507 African Illumina Bentley et al. 2008

NA18507 African Life SOLiD
McKernan, et al. 

2009

Chinese Asian Illumina Wang et al. 2008

Korean Asian Illumina Ahn et al. 2009

Venter Caucasian Sanger Levy et al. 2007

Watson Caucasian Roche 454 Wheeler et al. 2007

NA07022 Caucasian CGenomics Drmanac, et al. 2009

NA12878 Caucasian Life SOLiD
De la Vega, et al. 

2009

Quake Caucasian Helicos Pushkarev et al. 2009
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The Data Are Structured

d = 
UNs – ( Ns NL)

Ns
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There Is a Strong Historical Signal
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Life SOLiD

African Illumina
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Technologies Give Consistent Results
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Over 500,000 single nucleotide variants (SNVs) differences 

within NA18507 genome 

Life SOLiD
African Illumina

African*

Life SOLiD

African*

Illumina
Korean

Illumina
Chinese

Sanger
Caucasian

Complete

Genomics

Caucasian
Life SOLiD

Caucasian

Roche 454
Caucasian

Helicos

Caucasian

2,794,408 

3,251,256 

3,274,358 

3,161,103 

3,075,858 

3,439,107 

3,074,097

4,192,779 

4,241,042 

4,082,270 > 500,000 differences
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The Challenge Of Personal Genome Analysis

 Average variant file contains 3.5+ million variants incl. 

SNVs, indels, structural variants (SVs)

 ~21,000 coding variants

 How do we make sense of data at this scale?

 Need new tools to tackle this problem
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Genes with allelic 
variant data

2,099

Allelic variants 15,772

Amino acid variants 10,361

Intron variants 1,086

Using Established Resources
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Genome Heterozygous Homozygous

0 51 30 (+16)

1 57 33 (+17)

2 56 33 (+18)

3 55 30 (+14)

4 68 24 (+14)

5 61 21 (+17)

6 53 16 (+20)

7 72 22 (+18)

8 67 20 (+13)

9 78 17 (+13)

Each Genome Contains About 100 OMIM alleles

Number of OMIM alleles/genome

Omicia funded by NHGRI, SBIR grant 1R44HG2993
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Homozygous Alleles: No Childhood Fatal Disorder Variants

Genome Diseases (selected)

Protection against coronary heart disease (CHD), macular 

degeneration

Susceptibility to inflammatory bowel disease (IBD), macular 

degeneration, drug interaction

Susceptibility to IBD, macular degeneration

Congestive heart failure, Preeclampsia

T2Diabetes, hypertension, congestive heart failure, macular 

degeneration, Preeclampsia, CHD

Diabetes mellitus type 1, congestive heart failure, drug interactions, 

leptin polymorphisms

T2Diabetes, tuberculosis, drug interactions, color perception

Lumbar disk disease, hypercholesterolemia, CHD

Congestive heart failure, hypercholesterolemia

Crohn’s disease, CHD
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OMIM Not Sufficient For Whole Genomes

 Average genome contains:

 ~ 21,000 coding SNVs

 ~10,000 protein sequence changing (non-synonymous) SNVs

 Only ~100 of these are known OMIM alleles

 How do we analyze the remaining 99%?

 Need new tools to tackle this problem

 Software pipeline for automatic variant annotation.



15

1 Harrison’s “Principles of Internal Medicine”, 12th Edition

3,626 Genes Classified (Omicia Disease Gene Database v2.3)

DRUGS_AND_ENVIRONMENT

HEMIC_AND_LYMPHATIC_SYSTEMS

AGING

RESPIRATORY_SYSTEMS

SIGHT_SYSTEMS

KIDNEY_AND_URINARY_TRACT_SYSTEMS

GASTROINTESTINAL_SYSTEMS

ONCOLOGICAL_SYSTEMS

CARDIOVASCULAR_SYSTEMS

ENDOCRINOLOGICAL_AND_METABOLIC_SYSTEMS

NEUROLOGICAL_SYSTEMS

NUTRITION

IMMUNE_SYSTEM_CONNECTIVE_TISSUE_AND_JOINTS

NEONATAL_SYSTEMS

0 2 4 6 8 10 12 14 16 18

Percent



Distribution of Non-Synonymous Variants in 10Gen Dataset
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Distribution of 2,179 Protein Sequence Changing Variants in 
Disease Genes for Typical Genome
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Criteria for Ranking and Interpretation

• Quality of sequenced variant

• Zygosity

• Protein function assignment

– Loss-of-function mutation (stop codon, frameshift indel)

– Non-synonymous mutation

– Splice site mutation

• Overlap with documented pathogenic variant in literature

– OMIM (15,000+ variants)

– HGMD (~75,000+ variants)

– GWAS (From NHGRI website; updated weekly)

– PharmGKB (3,425 pharmacogenomics variants as of June 6, 2010)
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 Disease Predisposition

 Examples: Cardiovascular Disease, Cancer, 
Diabetes, Obesity

 Adverse Drug Reactions

 Examples: Anesthesia, Antidepressants, Asthma 
Medication 

 Drug responders

 Examples: Metabolism, Cancer

 Prenatal Risks

 Understanding genetic risks for your children

 Parents may be carriers of genetic diseases 
such as Tay-Sachs, Cystic Fibrosis

Areas of Value for the Individual and Physician

http://www.ornl.gov/sci/techresources/Human_Genome/graphics/slides/images/caduseussm.jpg
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Three Very Recent Examples of WGS in the Clinic



Example: Genomic Cancer Care Alliance: 
Proposed Interpretation Workflow

Raw DNA 
sequence (nor. vs.  

tumor)

Bioinformatics 
(e.g., align, 

assemble, QC)

Annotation 
pipeline (genes  & 

variants)

Complete cancer 
profile (germline 

+ somatic)

Cancer drug/gene 
interaction 
database

Data 
management & 
storage (secure)

Technical 
interpretation

Report & UI for  
tumor board

Clinical interp., 
consult w/ tumor 
board, patient UI

CLIA validation of 
key mutations

Assay design for 
validation

http://www.elcaminohospital.org/
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Example: Pharmacogenomics: Warfarin/VKCOR1

Gene Variant rsID 
risk 

concern
reference 

Low dose

required

High 

dose

XY genotype

(=high dose)
# reads

VKCOR1

1173G>A rs9934438
Low dose 

group at 

risk for 

severe 

bleeding

G A A G G/G 22

-1639C>T rs9923231 C T T C C/C 19

1542C>G rs8050894 C G G C C/C 13

-497A>C rs2884737 A A C A A/A 20

2255G>A rs2359612 G A A G G/G 9

Conclusion: 

PG1002 genotypes for known function altering variants are for the high dose Warfarin allele, 

and therefore no risk.
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Take home messages (1)

• Quality assessment and control
– Identity testing (ie genotyping validation experiment)

– Sequence quality differs in genomic regions (error rate reported on DNA 
chip validation experiments  (99.98% concordance)  is underestimate; 
specific issues with indels, structural rearrangements, etc.)

– Verification experiments (orthogonal technology validation in CLIA lab)

– Data security

• Integrated systems for technical interpretation are needed that 
link literature information with medical practice

– Variant ranking by quality and phenotype severity

– Rule-based decision support systems needed (transparency critical)

– Re-interpretation necessary if new discoveries are made
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Take home messages (2)

• Clinical interpretation
– Layered reporting critical

• Technical genetic reports -> Genomic medicine expert -> Treating physician

– Interpretation within genetic/environmental background

• Focused interpretation based on clinical parameters and family history

– Integration into EMRs
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Back-up slides
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Sub-Classifications of CVD genes within the 
Omicia Disease Gene Ontology  version 3.0. 
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Omicia Disease Gene Database (version 2.4)

• Rolling up disease gene ontologies into Harrison derived categories

– Harrison Internal Medicine

• 3,738 curated human disease genes from most prominent sources that 

include

– Omicia hand-selected from research publications

– OMIM (Online Mendelian Inheritance in Man)

– HGMD (Human Genome Mutation Database)

– GWAS studies (NHGRI web server)

– Published Human Disease Gene set by Jimenez-Sanchez (2001) (913 genes)

• Each gene published in the literature as playing a causative role in one 

or more human diseases

– Two levels of evidence( i.e. family-genetic study, functional assays, 

biochemical assay, significant GWAS, etc) 

• Annotated with clinical phenotype information
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Relationship Among Genomic Sequence Pioneers

Venter

Caucasian

Caucasian

Watson

Quake

Korean

Chinese

African
African*

African*

Helicos

Roche/454

Life SOLiD

Complete

Genomics

Sanger

Illumina

Illumina

Life SOLiD

Illumina

Life SOLiD

3,161,108 

2,794,412 

3,251,526 

3,075,865 

3,274,361 

3,439,112 

3,074,102

4,082,273
4,241,046 

4,192,785 

PG1011

Life SOLiD

2,972,853 

Church
Complete

Genomics
3,003,498 

Tutu

Life SOLiD
3,624,334 

Bushman

Roche/454

4,053,781 

d = 

UNs – ( Ns NL)

Ns

PG1012

Illumina

3,540,984


